Materials and Methods
where 0 d is a minimum equilibrium cut-off distance ( 0 d = 0.158 nm), 0 r ε ε is the permittivity of the sludge suspension, ξ is the surface zeta potential of membrane (subscript m) and foulants (subscript f), κ is the inverse Debye screening length, A N is the Avogadro number (6.0×10 23 mol −1 ) and I is the ionic strength (mol/L), 0 ε is the vacuum permittivity (8.85×10 −12 CV −1 m −1 ), r ε is the relative permittivity of the background solution (80 for water), e is the elementary charge (1.60×10 -19 C), B K is Boltzmann constant (1.38×10 -23 J/K), T is the absolute temperature (K).
The free interaction energy ( 
The calculations of 
where D is the closest distance between a particle and membrane surface; R is the particle radius; z is the roughness of membrane surface; r is the radius of differential circular ring on particle surface; dθ is the differential angle of the differential circular arc in the circular ring, φ is assumed to be zero for simplicity in this study. 
